Effect of Room Illuminance on Monitor Black Level Luminance
and Monitor Calibration
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In this article we demonstrate the effect of room il-
luminance and surrounding monitor black level lu-
minance on image quality for soft copy interpretation.
Luminance values of a 10% central target and image
quality evaluations and observer performance using a
contrast-detail mammography (CDMAM) phantom
demonstrate these effects. Our results indicate that
high room illuminance has a more damaging effect on
image quality when the surrounding monitor lumi-
nance is 0% to 5% of the maximum monitor lumi-
nance. The effect of room illuminance is less obvious
when the surrounding monitor luminance is 20% of
the maximum.
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FFECTS OF AMBIENT room light, dif-

fuse and specular reflections, and veiling
glare are often ignored in diagnostic radiology
when soft copy is read for image interpretation.
These are, however, very important factors that
must be considered to ensure proper image in-
terpretation. With increasing use of full field
digital mammography (FFDM) and soft copy
display systems, these parameters must be
carefully controlled for diagnostic accuracy.
Under the Mammography Quality Standards
Act (MQSA), all FFDM manufacturers seeking
approval for marketing their soft copy image
interpretation systems are required to provide
display system quality control (QC) criteria and
ambient room light requirements. It is very
important that the radiology facilities follow
these QC requirements. It is also important
that, once the monitor calibrations are estab-
lished, the facilities maintain the integrity of the
set-up.

In our ongoing efforts>**' to demonstrate

the importance of proper viewing conditions for
image interpretation, we have studied the effect
of room illuminance and monitor surround lu-
minance on image quality. It is obvious that
image contrast decreases as the black level lu-
minance is increased due to diffuse reflection of
ambient room light from the monitors. AAPM
Task Groupl8*, (TG 18) recommends that
room illuminance (/) be restricted to I < (0.25
Liin)/Rg, where L, is minimum dark level
luminance and Ry is the diffuse reflection co-
efficient in units of cd/m?/lux. However, TG 18
does not provide any specific recommendations
for appropriate luminance for the image sur-
round (which in this article we call surrounding
monitor luminance, for simplicity’s sale). DI-
COM (Digital Imaging and Communication in
Medicine)> Part 14 recommends that sur-
rounding monitor luminescence be 20% of the
maximum monitor luminance when a DICOM
calibration is performed. Several studies®'?

"From the Radiological Devices Branch, DRARD/ODE/
CDRH, HFZ-470, Food and Drug Administration, 9200
Corporate Blvd., Rockville, MD 20850, USA.

2From the Division of Mammography Quality and Radia-
tion Program, OHIP/CDRH, HFZ-240, 1350 Piccard Drive,
Rockville, MD 20850, USA.

3From the Department of Radiology, Uniformed Services
University of Health Sciences, 4301 Jones Bridge Road,
Bethesda, MD 20814-4799, USA.

Correspondence to: K. Chakrabarti, Ph.D., Radiology
Device Branch, DRARD/ODE/CDRH. HFZ-470, FDA.
9200 Corporate Blvd., Rockville, MD 20850, tel: 301-594-
1212; fax: 301-594-3306; e-mail: KXC@CDRH.FDA.GOV

Copyright © 2004 by SCAR (Society for Computer Ap-
plications in Radiology)

Online publication 30 January 2004

doi: 10.1007/s10278-003-1720-5

350 Journal of Digital Imaging, Vol 16, No 4 (December), 2003: pp 350-355



ROOM ILLUMINANCE AND BLACK LEVEL LUMINANCE

Target
10% of total
viewing area |

Fig 1. Experimental set up for observations of Black Target
Luminace. The Black Target Luminace, which is 10% of the
viewing area, was measured as room illuminance and sur-
round were changed.

have investigated the effects of the ambient light
and image surround intensity on the display
luminance and image contrast. Mertelmeier''
believes that room lighting affects the contrast
threshold more severely at low background
levels than at high background levels. Accord-
ing to Cederberg et al'?, however, background
lighting does not appear to seriously affect the
reader’s ability to detect lesions.

We have observed that a change in room light
from 0 to 50 Iux with 0%—5% surrounding
monitor luminance has a much more drastic
effect on image quality than the same change
of room illuminance when the surround is
15%-20%. In this study we examined this
demonstrated effect quantitatively using a con-
trast-detail phantom.

EXPERIMENTAL METHODS

Room illuminance (in lux) was measured at eye level
using both an UNFORS Instruments illuminance meter and
an International Light illuminance meter. The nine different
illuminance levels, 0, 1, 2, 5, 10, 20, 30, 40, and 50 lux, used
in this study were measured with both meters. We then
varied surrounding monitor luminance from 0% to 20% of
the maximum. The luminance (cd/m?) of the central square
was measured with two Minolta spot meters, models LS-
100a and LS-110, for each of the nine illuminance levels
when surround levels were varied as 0%, 5%, 10%, and 20%
of of the maximum monitor luminance of 240 cd/m2. The
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LS-100a and LS-110 spot meters provide measurement an-
gles of 1° and 0.33°, respectively. The central region meas-
ured was selected to be 10% of the total monitor viewing
area. A contrast-detail mammography (CDMAM) phantom
was used to detect degradation in image contrast involving
variations of monitor surround luminance and room illu-
minance. This Phantom has six, 1 cm Lucite sheets with
contrast detail inserts as (1) 15 cm x 23 cm x 0.5 mm al-
uminum plate and (2) 205 cells, each with two gold disks.
The disk diameters are logarithmically scaled from 0.10 to
0.80 mm, and disk thickness is scaled from 0.05 to 1.6 pm.
The product of diameter and thickness for disks (K value) in
the same column is the same.

RESULTS AND DISCUSSION

To evaluate the effect of diffuse reflection on
image luminance, a test pattern consisting of a
central square of 0% luminance and a surround
area of variable luminance was used. Figure 1
shows the display layout. The target square,
centrally located on the monitor display, was
10% of the display area. The luminance of the
central square was measured with the photom-
eter placed 1m from the monitor while the room
illuminance was increased incrementally from 0
to 1, 2, 5, 10, 20, 30, 40, and 50 lux. The central
square luminance was varied from 0% to 20% of
the maximum luminance in steps of 5%. The
maximum monitor luminance used was 240 cd/
m?, and the minimum was 0.01 cd/m”. These
results are tabulated in Table 1 and depicted
graphically in Figures 2 and 3.

In a separate set of experiments, we increased
the target luminance incrementally to the max-
imum value of 240 cd/m> and repeated the
measurements as described above. At high tar-
get luminance values, we did not observe any
significant changes in measured target lumi-
nance with varied room light illuminance from
0 to 50 lux and surrounding monitor luminance
from 0% to 20% of the maximum value of 240
cd/m?. Therefore, it became obvious that with
increasing room light, the white level value
remained the same; however, the black level
luminance value as measured at eye level in-
creased. This change was observed to be higher
for lower values of surrounding monitor lumi-
nance.

These findings led us to believe that, with the
white level (maximum brightness) remaining the
same, an observer loses contrast at higher am-
bient light because of an increase in black level
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Table 1. Results of the Black Target Luminance Reading (in cd/m?) at Different Surround Luminance and Room lllumination Levels

Ambient Light (lux)

Surround (of max.) 0 1 2 5 10 20 30 40 50
0 0.02 0.04 0.07 0.15 0.33 0.61 0.86 0.96 1.24
5 0.12 0.14 0.18 0.26 0.44 0.72 0.97 1.06 1.34
10 0.22 0.24 0.27 0.36 0.54 0.81 1.07 1.16 1.43
20 0.41 0.44 0.47 0.56 0.62 1.01 1.23 1.37 1.64

1.6 llluminance 1.6 50 lux

I O lux
- BEZB 1 lux i _ 40 lux
e == 2 lux e
E 1.2 .5 ux o E 124 30 lux|
~ 7 ~
3 i N XA 10 lux g 20 lux|
2 7777 20 lux £
2 V27 30 lux £
‘E 0.8 £ 08+ 10 lux
3 3
- = & 5lux
® 3 ~
o b /2qu
© & 0.4 - 1 lux
'; 0.4 ] ™ 0lux
S 8
o om
0.0 4
0.0 T T T T T
! y 0 5 10 15 20

Surround (% of max)

Fig 2. Change of Black Target Luminance with varying
Surround at different room illuminace. Black Target Lumi-
nance increases sharply with increasing room illuminace
particularly at low surround.

(minimum luminance) from the monitors. We
have do observed that as the room illuminance
at eye level is altered in steps from 0 lux to 50
lux, the measured luminance from a black tar-
get from the monitor increases by 100%. As we
reduced the surrounding black level from 10%,
the measured luminance from the black target
exhibited a more drastic change with change of
illuminance at eye level. Contrast ratio (white-
to-black level luminance) changed from 24,000
(240/0.01) at 0 lux room illuminance to 226.41
(240/1.06) at 50 lux when the surrounding
monitor luminance was set at 0% of the maxi-
mum of 240 cd/m?, that is 0 cd/m?. However,
the contrast ratio changed from 600 (240/0.40)
at 0 lux to 165.52 (240/1.45) at 50 lux room
illuminance when the surround luminance of
the monitor was set at 20% of the maximum of
240 cd/m?, that is 48 cd/m>.

These results show three interesting charac-
teristics: (1) The contrast ratio is highest at 0 lux

Surround (% of max)

Fig 3. Sharp change in Black Target Luminance at lower
surround is observed with increasing room illuminance. With
white level virtually unaffected, contrast ratio falls more
drastically at lower surround than higher surround with in-
creasing room illuminace.

and at 0% surrounding monitor luminance. (2)
The contrast ratio is lowest at 50 lux with a 20%
surrounding monitor luminance. (3) The con-
trast ratio reduction is substantially greater for
a 0% surround than for a 20% surround when
the room illuminance is increased from 0 to 50
lux. For room illuminance levels up to 5 lux, the
change in contrast ratio from 0% to 20% in
surrounding monitor luminance is nearly the
same. However, beyond that illuminance level,
black target luminance increases rapidly with
increasing room illuminance, indicating a sharp
drop in contrast ratio.

The AAPM Task Groupl8’, recommends
that room illuminance be restricted to I <
(0.25 Lpyn)/Rd, where L, is the minimum
dark level luminance and Ry is the diffuse re-
flection coefficient (cd/m?/lux). Rewriting this
equation, the minimum recommended monitor
luminance is L,;, = 4 R4 I. From our data
plotted in Figure 4, we calculated Ry from the
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Fig 4. Change in Black Target Luminance with varying
room llluminance can be seen at different surrounds. From
these results, TG 18 recommendation and alternative rec-
ommendation can be examined.

plot of target luminance at different room illu-
minance for 0% surround. The calculated value
for Ry is 0.029 cd/m?/lux, which agrees with the
TG 18 listed value for R4. Using this value, the
L.in value was calculated from the TG 18 rec-
ommended expression L,;, >4 Ry I. Calculated
for different room illuminance, a theoretical
line can be produced as shown in Figure 3,
marked as TG 18 recommended. According to
this line, the minimum monitor luminance
should be greater than 2 cd/m? for 20 lux room
light. In other words, to have a realistic mini-
mum monitor luminance, room light should not
be greater than 5 lux. From the expression of 1
< 0.25 Luyin/Rg, the TG 18 recommendation
for a value of 0.29 cd/m?/lux (in our case) with
Loin of 1 cd/mz, is that / should be less than 9
lux. For lower L,,;, values, say 0.5, I should be
less than 5 lux. However, the German Stand-
ards Institution'® (DIN 6868-57-2001) recom-
mends that room illuminance be calculated as, 1
< 0.5 Lyjn/Rgq. This expression appears to
provide a more realistic value for L,;,, as
shown by another theoretical curve constructed
from our data, and based on this recommen-
dation. This recommendation also provides a
more realistic value of ~15 lux maximum room
illuminance for the Ly, value of 1 cd/m?.

To investigate the effect of the observed loss
in contrast ratio on image quality, in the second
part of the experiment we imaged a CDMAM
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Fig 5. Methodology of CDMAM contrast detail phantom
scoring can be observed graphically with lower K value rep-
resenting better contrast resolution.

contrast-detail phantom using a GE Senogr-
aphe 2000 D FFDM system. Technique factors
of 26 kV, 50 mAs with a molybdenum filter and
molybdenum targets were used to image the
phantom. The phantom has a six, 1 cm Lucite
sheet on a 15 cm X 23 cm X 0.5 mm aluminum
plate with contrast detail inserts of 205 cells,
each with two gold disks. Disk diameter loga-
rithmically scales from 0.10 to 0.80 mm, and
disk thickness logarithmically scales from 0.05
to 1.6 pm. The product of diameter and thick-
ness is the same for all just-visible disks for a
given column of disks. At different ambient
room light levels, we measured illuminance at
eye level and scored phantom images displayed
on the monitors. Five observers participated in
this study and all of them noted that ability to
discern low-contrast objects decreases as the
ambient room light increases. We also scored
this phantom image at varying levels of sur-
rounding monitor luminance.

Figure 5 shows an ideal reading from a
CDMAM'™ phantom. Image quality parame-
ters can be described by K, the product of di-
ameter and thickness of just-visible disks. The
lower the value of K, the higher the quality of
the reading'” in terms of image contrast. AK is
the difference between the readings from one
phantom object column to another. A cross-cut
drawn through the parallel lines of different K
values from 40 to 160 pm? shows that AK be-
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Fig 6. Readings of five readers are seen at average readings
of 0 and 5% surrounds. Evidently, higher room lllumination of
50 lux show contrast degradations.

tween the two object readings between the two
lines within the cross-cut.

Figures 6 and 7 show the actual CDMAM
readings recorded by five different readers
grouped at two different monitor surrounds,
0%—5% and 10%—-20%, and at two different
room light illuminances, 0 and 50 lux. Evi-
dently, for a 0%—5% surround, the average K
value changes from 50 at 0 lux to 90 at 50 lux,
indicating a change of 1.8. For higher sur-
rounds the degree of change is lower, from av-
erage K value of 70 to 90 as room illuminance is
changed form 0 to 50 lux. Actual image quality
comparison using a contrast-detail phantom
agrees with our view that the contrast loss is
lower for higher surrounding luminance with
the same increase of room illuminance. Once
again, the phantom scores and the lower K
value at lower surrounding luminance confirm
that at lower surrounding luminance and low
room illuminance contrast is highest. Because
the effect of room illuminance is much more
drastic at lower percent surrounding luminance,
and because it is not practical to interpret soft
copy at 0 lux and to maintain this strict room
illuminance value, it may be advisable to use
higher surround luminance and room illumi-
nance > 0 lux.

Figure 8 summarizes the observer perform-
ance shown in Figures 6 and 7 in terms of K
values at low and high illuminance of 0 and 50
lux. All five readers participating in this study
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Fig 7. Readings of five readers are seen at average readings
of 10, 15 and 20% surrounds. Again higher room lllumination
of 50 lux show contrast degradations. But the change is less
drastic than at lower monitor surrounds.
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Fig 8. Increase in K value (decrease in contrast resolution)
of all five readers readings are observed as room illumination
is increased from 0 to 50 lux. Except for one observer, the
increase is more drastic at lower surrounds.

exhibited remarkable degradation (increase in
K value between 0 and 50 lux) in their phantom
reading performance as illuminance was in-
creased from 0 to 50 lux. Four of the five
readers experienced this change more at the
lower surround luminance of 0% and 5% of the
maximum luminance, as shown by the darker
shade in Figure 8. In general, our data indicate
that 15%—20% surrounding monitor luminance
and room illuminance under 15 lux provides an
acceptable practical setting where degradation



ROOM ILLUMINANCE AND BLACK LEVEL LUMINANCE

of image quality is not significant and will not
risk misinterpretation and misdiagnosis.

SUMMARY AND CONCLUSION

We have observed that room illuminance af-
fects the intensity ratio of maximum to mini-
mum monitor luminance [by enhancing black
level due to diffuse room illuminance.] The
consequent loss in contrast ratio causes image
contrast degradation. Even though a high con-
trast ratio is achieved when very low monitor
surround luminance of 0%—5% of the maximum
is used at low ambient light of 5 lux or less, an
increase in room light illuminance can drasti-
cally reduce image contrast. It is therefore
practical to use a 15% to 20% surround of
maximum monitor luminance. With room illu-
minance of 7 < 0.5 L;;,/Rd, the ambient room
illuminance should be maintained within 15 lux
for a Ly, value of 1 cd/m? and less for lower
L, values.
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